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Abstract of JP61S470S 

PURPOSETo aim at the effective utilization of energy to a 
desired basic wavelength by obtaining an effective 
refraction basis of a real value of the change efficiency and 
a real vajue of the reflectance, and making this result 
feedback to the design of the SHG element 
CONSTITUTION* substrate 102 Of LiNb03 of an SHG 
element 700 is formed with an optical wave-guide 104. 
This optical wave-guide 1 04 Is provided with periodical 
polarization reversing areas (domain reversing ansa) 10© 
so that refraction factors n1 , n2 thereof are different from 
each other, and areas, of which period Is changed locally, 
are provided to form parts for satisfying the simulation 
phase matching condition (QPM SHG part) 1 10 and parts 
tor satisfying the black reflecting condition (DBR part) 1 20. 
With this structure, the SHG wave emitted from the SHG 
device in two directions are synthesized by an optical 
synthesizer to utilize the full of the energy output from an 
LD as a basic wave light source, and the SHG efficiency 
can be improved practically. 
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& (dbrsb***-*. > tmatOLtis**fr*mit+ 

[2B#*£5 1 R3fcfi3KlgBtt0>5HG»?-roDBR8B 
D B R ft jo J; UQ P MfflJcO <^h,*F;h, £ ffiS^SiK 1P 
G£§ff 0 

L = Asho / {4 [n Uswq /2) - 
An= [p ^.dbr /4L] — n (Adbr ) 
N =n+An 

tt, iEOaia-e*o-C. An^0<An<0. 1 SO 
it S&bJBtitmz V * 9f * tbfc MR 

r, 

r fcfcWft*-*-* SHGIf, 
T N 

r§S*3U 21 sfJsfcJgi 0K:ffi*e<&SHG3l»K:;fcv* 



^©Srffiv > x Z^tThZ c * £ S H G & 

[S»*399 7 I 6 iz:Sa©<o S HG3£«lr*5v >x, 

«2oOSHG^?)OSHGja^t53t^ 

#U 8l|g^fi^^^It5 S HG^ 

s h g m*nxm*ntzm*m s tr shg 

Ca) , (b) , #S±V < c ) SrAV^rtNESHGft?. 



UsHQ ) ] } 



(a) 
Cb) 
<c) 



ft S w fc Sr'Krm^'f * S HG#^ 
r«Mo»*Wft«MI 
loooil 

[j&$fe-bCDSflJfl3#!frl C^^tt. SHG#^ SHG 
[0 0 0 21 

<D— mtiJMl : ^l/^hu^^7 V*— X (El 
cctronics Letters), Vol. 2 
5, (1 9 89), pp. 7 3 1-7 3 2J fcBB^SiX 

[00 0 3] r. ^^5fe<7? SHG §&*<0»<WRGBT? 

[0004] C^SHG^lOm LiNbOj £ 
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[0 0 0 51 ^SHGlfl 0<?7t$&S£l A 

*£i~5 c AJtftf±£>3m#: HfiU ra-=0. 1, 2, 
3 • • • m) K «5«ft*- K) 

*«rW»JB*f*Nm (1) JStfflOiB!?. - 

^e*OWfc»2*Bltt MSMiK : 2 a> ; ftg : */ 70 
2) ^^2|7^^^SHG (Se* 

U = V (4 [Nn (1/2) -Nm 
fiU Nn (1/2) teSH&^ntfc (n=J., 2, - 

10 0 0 8] KT\ KS«r(«^lcf 3«SKftR 

- w-e^ c<^*^<oieas^s:¥^N u/2) 20 

^t/N (l) t#<. ::t-, Led, (i) A^&M 

(1) 14. ^tft^flCa <L iNbOi KT i OP O 
4 :KTP« 4>m#JR*T*n (X) IcfSfsmsuv^ 

[0 0 0 9] 3W&K1 6^^=> t-Ul"h-& 

Ak= (4jcA) [N (1/2) -n 

f4. N (1/2) -n (A) =0WCt«5lT^ 50 

COT, ~<D± 5teZbt±&Zb&\ 
[0 0 12] *-~-C\ ^F±, ms\Z»+&?l£ % =rt* 
N (1/2) — N (1) -1/A=0 

r4QPM^i4>t>5o ft. :o (3) 3£lCO^-C4>& 

>$r— >>3^^T (Optic* C o mm u n i c a t i 
otis) Vol. 6, (1972), pp301-3 
0 4 j b. 3cflR r I I : rv?^—*vv . ^ .7^ 40 

(Journal of Lig 
htwave Technology), vol. 7, 
No, 1 0, (1 98 9), pp. 1 5 9 7-1 6 0 

oj *m\fx*s< 0 

[0013] ffiQ*m'£tf&&1-Z&&X-i> , ( 3 ) ft 
0^*5g^, «to-C, SHG3R^-«>«*<0 2*^tt:«-t- 
[0 0 14] Utf>U (2) ^;-c^^bn-5^ft-i4, ft 



4 



* c o n d — H armonic Generat Jon) 
fc<rM,\ I(??S2^$rSH (Second-Har 
mon i c) at»"J-S 0 r<OSHG^ 

i o-ctt. 2 ASSSt J; 

x;*S£*>^?o ) L c »tS*«^*S»«» 1 
[0 0 0 7] 

(D3) • • • (l) 

n**5>*6>ICLc SH«l4H^4o£4a 

HMmrcfcaii^s -£14. soffit sHi^tefts 

8EK<oft**oe»-e»*»fcSB v * S nm Ud»»6#b/S5 

0 Ltttt*U£& & ttv\ 
[OOloHsSrWS^^Akttot, :^)Ak»* 
* (2) VS-TlbtiZ* 

[0011] 
(X) ] • • ■ <2) 

^•^^Lc e£&«£6«lg 1 4 MEWTJ8MBA 

• • • (3) 

[0 0 15] [1] £&JB$r*N (1) , N (1/2) 

^3te*«K^ife^^tt^FL. mSr»^e58W («x 
rtrAfcjftt^Ufcfe (3) *«r«E*-e:S^fc^Ui*5 

[00 16] [2] a*jftjft»fc«^»tt:u— ^ (L 
D) ^^dR^^^^tV^ffi^T?ffe^5fe^V^ -r 
*3S^LD«raB*£H**v^ (3) ^Sr*J5$ 

T-fvJ K • y<i*J#* ( J o u r n a 1 of Ap 
llied physics), Vol. 71, (19 
9 2), pp. 22-27J #f£« ) . 
[0 0 17] [3] ffifc, -blH*#«:*fci-LDtSH 

fcsHG $r^mi-^ r t tfmm-r? bolt. 
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[0 0 181 *^X S &*ffi#iB£L-t£& 
«TPraEttl#*fe*U~if ttc*M±> T t :f77^fU 

-Ws>«fi*B8u— if) £/Bvvt, (3) »73*ffSr 

[0 0 19] fc<D3UStf:, a*«*»fcb-Cfe*u-1f 
«r«V^fcSHG«HRjO<*SftbTU*dCi:, fed; 

ft. t~1f tUtfli^SH GKSi±IS /a 

*aMBBW* fc A/if ftt Nfc * > 5 FJUS 5 CtCfc 

WH^>*P»SrlSI«fc*0, ^O#IK^3-0 5 1 930f 

Mitt h^?) $r^ttv^ 0 w^3g^51fl*&s$£ 

ti-afcftic. iter, jfe^»*s*tfesaw^ 20 

[002 1] EI 61*. 3fefc»3R*ixTU^*»^aM^* 
A = 2 (2m— 1) Lc = p^/2N 

C03*#fcft#»U:L iNb03 «rflf!lii urarorSo 

ftr*» r*fc%, LD22I1 (D.P/UOaAs 

n 2 (X) -1=3. 5 56 7-2. 6 0 5 xlQ-'T 2 

+ (O. 970xl0 5 4-2. 7 Oxl0 _2 T 2 

x [a. 2 - (2. 0 1 x 1 o* 

-2. 24xlO- e Z 2 

T% %WftlloSCttJB$MtN (A) *s (5) 5fc-t-iE{£m 
3ft-£fc<7>£ L"C. (4) *0*#fe^7|CLfcO**BB 

[00 26] B7H (nm) *5 

^T^tttirafc-U^ h«L c (nm) JaJ:t^4 Oft:^ 

^ttLw (nm) *rt-*-C«LfcB"C*>5 6 f^Si-fc 40 

ftJ&OSMRtf (4) ^<^#£«£r*o L*»U L i 
N b 0 3 <7)@^0®^(^gHfcK^ja®»f^i: tt« 

[00 2 71 LD2 2«PJ»3fl«**4*a**« % 1. 
3f»m8*^*ofctf)"e, S-QPM SHGri^SH" 
5/3#JAfS, -hx£Lf£ (4) ^tp = 40-45i:n JO 



*#rs* SHGS6B2 0Srte*Ur«*«I^b^Ba 
2 2»*i»#U— jf (LD) , 2 4ttU>X 

1 0/pP>©§i|l:jt;DLD2 2*9Sr*lGBIM!&jft 
oTV^ e r^S3fc^T^5J;->^, QPM^ 
Sr«JSr« X 5 Wot^S. 

istributed BraggReflccto 
r :DBRMm. > £ Ut W«f!&r S 0 w^ffl 

»*ra**T?LDjWB»r«rfck:*f&. r*te*, 

ttA«flE«T»ttjBfi'^r, fcs^<>rr^«aE*«ufc« 
^art5< fl r*fc>*>. (4) sriataj:? 

fc, A*WfcjiS±l/OtfLtf, S-QPM/ji^St^r^ 
fcft*. io* (4) -epSrlEcr?^ti-S. 
[0 0 2 3] 
U) - • • (4) 

385ft-e*j*r&, 

[0 0 2 4] L i NbOa ^B9r*n U) 

fitt«tttt9« (5) rc«fc*-e**.&*ba. 

[0 0 2 5] 



) 

+ 6. 4x1 0- s T 2 ) 3 ] "» 



(5) 



Sfrg 1 2 0 0-1 4 00 nmO«Slffl*eAWtjK35 5 0 
0-*D7 4 0 0 nm^$SK£j5fc3 0 tot, Lc£0£ 
Att, afiffit^J: 0, Kff8. 0-7. 0/zmCO 

rf. S-QPM 3HOWS««>»»fifO, 6, 
6. 25, 6. 5, 6. 7 5^mi:iS^„ 

6. S ,jLm<Di><0*m\*X^Z>Zbtft>fr<z>tc 9 zcoffi 

[oo 2 8] Basic z<nmwwwm*&w-r%n 

5, 34, 3 6««iLl*v^X»«>3fe*aiT*9* 3 8 
^t>^T«>^, W«I£J6i:THitiitfAv\ 4 0 

3 8«5|5i«ffil*ffiRAt=T— y-f ^ (AR) Itfc^ 
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&^X, LD3 8^^fCSr^A-ril«^LrS-QP 
(0029] E)9KC<DLD3 SCD^&X^ h/^Sr. 

wreiwwft urn) t=a*fe«o. aMuzxsiuic 

6 6 2. 4/zm1?*6^i:W J ^ *>>M*ir, LD3 

h/t'&fSf^Jt^ (2)1 l KiijH"*-^ h 
/t"##&#fc a C o*®^m/p bhmm\tt*Z>£z>lz > * 
N U) = m U) + An 

c Jy&* (Japanese Journal App 
lied Physics), Vol. 31, (199 
2), pp. 2 1 04-2 1 0 8J T?«*U^5J:} 

5 e ^<nmXs LiNbOs ICOl/vfefclK 

[0 0 3 2] O S H G*f (OJSSf-^S-Ci© A n M 
*|E*P&ttH*l,«, S-QPM SHG«rjft*J:<|65i 
tfttfrfrV^ £ a flfjfett, ^<7>An£##5~£ Steffi 

[003 3](2)^^ ^f^^ffiil^SS-QPM S 
[0034]<3>££ s ^t^TO:«S-QPM s 
[00 3 5] 

**Hrv^sHG«w;i*5v^-cra, riao±5«:«Bfc 

[0 0 3 6] ±JB0)*i:oV^-C : LiNbOs , 

LiTaOa , KTPf * 

^t5o ^ttlcKMi-S^, LiNbOs, liTa 



(5) 6-194703 
*&2<DX*<# N/Kfa^^UTV^^tr— ^ (1. 3 2 
v^<D"C\ LD3 80«Jg*s»ihbfe^^^3fflj»ttJ* 

[0030] ftfr**i&-r-<# r t± v jM£KtefgaS<a js 

IzttJE S £ Sr # 5 iz KjfeiftttMaM^ftfls N 
(A.) «r*3*!fi5*&S*>5„ C<£>N (A.) ItLiNbOa 

/0 ^©^OJSiff^n U) -i-fc^fe* (5) X**Lh*iZ> 

[0 0 3 1 J 

e 

■ • • (6) 

4*Sfifcft»H:tWJtL ix Hi-x NbOa , Li 
1 Hi-x TaOa (xl«tt:S:iftt^oT, 0< 
x<l) 

[00 3 7] KTPCoPtH K* ^t>^Rb* -f 
20 ^tS^L, Kx Rbi-x TiOPCU \Z.TZ> 0 

[0 0 3 8] -f^to, RbN03 , Ba (NO 

^AKttm-a. 

«rt«l£»trK:ofVC <£< fc3 «£? ^#*H~5 0 Z <T> 

[0 0 3 9] «fc|g»©*f*S:3ft4e)J&r^^ 

[0 0 4 0] JiS5®irov^t : EI7i:^UJ;?l^ # 
40 &~tZ> 0 -rtito-h* c^BJ0[)tt*«:#urwtSHG«rS8 
[004.1] J:f5<SHr-oVNT : B8^U^MI(£Av^ 
OtB**3fe«*d* S H G AW* 

50 tWS*tw«t5n«J:5<ci"^<^355^Lv\ 



PAGE 10/52 * RCVD AT 10/11/2005 11:32:50 AM (Eastern Daylight Time] * SVR:USPTO-EFXRF-6/26 * DNIS:2738300 * CSID:6 1 2-455-3801 * DURATION (mm-ss):20-50 



18/11/2885 18:26 612-455-3881 HSML, P.C. PAGE 11/52 



(6) 



6- 1 94 708 



a* 4«»c-r s c 4 *5tH**, 

[0 0 4 2] zn&mn. 
fct>*0Tr<fc^ ^t, £co*Wl±SHG3fc^2fctfSH 

ft* S H G^*5 XV S HGgfSrfiftfS C 4 

So 

(004 3) iq 

L =*shq / {4 [n (Xsno /2) — n 
An = [pAobr /4.L] —n ( X o br ) 
N ~n+An 



70 



oshgsswmw«*4*s, m*mz&r%$L&x 

sho fcSIJfeU I^SHG5?5^(7>^S8S^^SSr^ 
bft0 3ooa (a) , (b) , *s£uc ( c ) fcffiv^r 

assausi^N a r 4 4 i-* g 

[0044] 



USH6 ) ] } 



n**0<An<0. 1 OKHtfufc* 5 J: 5 
[0045] ^^WSHG^flUtill « 20 

[0 0 4 6] *fc, »*U<I*, i40SHG^fc 

[oo4 7j *f*L,<i± H lueaiai^MR^^ sc 

[0 0 4 8] BtUit , *W 

[O0 4 9} *t v JdSUfcSHG»Tfl!)»«tUX 
f*> SIS&L i Nb03 U ^^OL i NbOa £ 

[0 0 5 0] ±»LfcSHGIit'©tt«JiaiMi: 
UTtt % ffi&&L i T a Oa U d^L IT aO 

It, «M»* *W*B±fcWtfen3t*l<o««4. L 

r *n^wRit k*wt& 2 orate 4 

[005 lj »*L<«U *WjMS41WK»lG> JO 



(a) 
<b) 
(c) 



4 <omi~ %mM»<Dm&T& * 9 /j*<s are*?*** u 

[0 0 5 2] C^^SHG^iHlt 3£ 

^«JB*^9s/^E*f^trWt-t1»5> (DBR£B4^ 
) 4«Ktt*a«**»*r»fc1-<B» (QPM£B4 
) 4«r«8iJf^ftA.TV^r4S:1»*4-r* 0 
[0 0 5 3] C<0#£\ #*U<tt, DBR8B4QPM 
« 4 fi: B- O ^« ft S ^>*« A V \ 
[0054] **u SUO|ttS«T-tt. #* L< 14, D B 

R d (5 4 Q P MffC 4 *muvttfctt*»tBtv&#B. 

[0 0 5 5] CO#«^SHG»ttfc*;h,tf, ± 

[00 5 6] C^»W(^#a|Slfe«WSHG»a 
fc*5V^rtt, ±3*LfeSHG5!? : f-^DBR^4QPMaJ 
4. RDBRajisitJfQPM^fBiriaR^^-cv^^ai 
if 4, WS5DBRSP*5i:U ? QPMfB<0^-^n4 

[005 7] *fc % roM^ffittiHOSHO. 

j»«k=*i*-c. ^?^sHG3g^$r2^llI^u^, -en^en^> 

[0 0 5 8] ^fc, ^<D»?jOttO»j|Sl|[«fl?SHG 
^a^fet^Ts ttffi 200 S HG»f W S HG«& 

[0 0 5 9] 

r^ffij -h*ufcsHG3frr-<og8a«*f*o«3fc*»}c 
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(7) 



4£B8^6- 1 9 4 7 0 8 



12 



ffi^ if *A#$^T S HG&&#j?&j3!&;*; ir 

(7) -e**fe;ft.*L 
{006 1] 

L =^sh8 / {4 [n U$Ne /2) -n (Xsmb ) 3 } .... (7) 



[006 2IW:, :oB^i:^SHG^'» 

An=pXD6R / [4L-n (Xvbr ) 

N = n+An 

[0 0 6 5] *»*«*N«Etttett«Lfc-b 
t\ QPM*fiS*#i-*SHG*^*ff 9, 

[0066] ^(c. z<7D»w<o_biasu^SHGSK^r j- 

***SJci*±3zfib^»J:9*iC)fcAn*flt^. tig 

WTSHWtr*. ^CD<fc?K s D B Rpfti> t Q PM- S H 
GO«lie**-r 5fiB^i: *»|« USH G»**»* U 

£LTW»tti#*p Sot, SHGsB+SWfe. -fiG> 

L&Bft =ciX/4 [n (X) +Art] 

[0 0 7 0] 



3 (8) 

^ctucstti-ra. ) o * (8) nm&\zfr±A,xfc 
[0 0 6 4] nib«)H#A>6>a o) *m^x 



(9) 



50 



40 



[0 0 6 7] £?>fc: % Z<r>&m*>±&L1tm&(OSHQ 

fc*HU4v^ ^ (LD> j5>p,(OS* 

K«r»*A< SHgE^S^Swt, ^r, sHGjft* 

[0 0 6 8] 0Hx.tf % LTXO— *©*B«r3eB0W*=>*- 

(HR) tt*ftbDCAR3- ^-f >j/-f 
So C^LDfeDBR*Sfi**-r«3t««eKi: 

tSl^So C<??t#, ±54LfcJt ?HUT*«>fcAii* 
^vx§ 0 AffM^tt, ^O^I^2Ldbh (^Aobr ) «± 
fc* (10) Sr*JB-r*i5l2:K^5o 
[0 0 6 9] 

• • • (10) 

[ 0 O 7 1 ] < S HG*^<?>K«lJB*fr*^«r**»Ott 

ktp^) <»®m<omm&<om&&^\z.m^%T—# 
&ht\^s s-qpm sHoasns+sk^WB^jna 



-7- 
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[00 7 2] SHGX^J^iaSrLiNbOi TlBjftU 

P/ I n G a A s P^fft^f «:ftfflt5j|^fre^ 
L-OWJ1-*. i0 
[0 0 7 3] Jfef, UP/I ivGaAsP LD"C, 

Sr/T^t<>«)*:ffl^6»**»:iiiJfta?8t*, com 
afc-U^fiiLc, DBR&# (S4 0»?,B4 

53SW t*#Lfcfl3J», R«MiL*:B7-e4>S. r.co 

(00 7 4] S-QPM SHOOi^llcSC^sgo-C^ 

C^S-QPM SHGm QPM^^SI** 
L=3Asho / {4 [n ( A sh a / 2) 

^O^^iStff^n ( A, sh a = 9 2 4nra) =2. 164 
T*>(?* S-rti, n Ushq / 2 = 4 6 2tim) =2. 2 
7 1TNfc5<D-C, fEfclKWU^ (5) ^::tib^» 

fUlt^t^t, L=6. 4 9 8 /*tn*Jfc*. 
[007 7] 8tte. 1. 3 # *m«>3S»^>**«i-«** i 

-fif-F (LED) «rffel*Ti03KIMIB*»fe^JK4f 

<i o) ^lifW^-^SiKTosiS*^*^., ftu 

TW, p = 4 3i-T^ c 
[0 0 7 8 ) An = p x 1 . 3 2 7/4x6. 4 9 8- 
n (1. 3 2 7) 

= 43x1. 32 7/4x6. 498-2. 144 40 
= 0.0513 

[00 7 9] fc5^LAn£)f$£A<*#£:fca&U:tt, 
A n Sr**6-C-tn feo2F«Mff«r 5R«)H«av ^ J0 



4$&3¥ 6-194708 

i Q P M^r^i-^ *:«>tf>an# fc LT*&a+S C 

(8) ^l^oT, Anfr*i!?6, £AT\ 3£*&}t2E£ 

I00 76]ftf, 7* MJ V^?^-f«>C9HK»*ft 
WSrflt^rflWI^e. 5 ^mO^CEKlBffiifi^L i Nb 
Os &&co z ® (c©-et>fc^) t£T i NMHRttn^BlA 

r ^»T?ttl5«W^ffiE«^»5§co^rA 6 . 5 m m 

(nra) «r&9. ««fcSH<03fettaf*fiEaSo*ffi-ei: 

-?*>S 0 Ti : I^^T^^r^— lFoftj^96ffl^9 2 0^ 
b9 3 0nmSdtk:|Re>*L-CV^SBff^ 3^QPM 

$>&mBimmm<omm 2 l r & 

Z<Db$ s 5t (4) fc*5^T, ft/Hftfr^iftLfcmOft 

-n (&5HQ ) ] } • " (11) 

[00 80J Z<omMmX-\±. LiNbOs trfl 

[008 1] <**»^^J:* J fra^«)OaS2feW8 

So 

[0 0 8 2 1 HI SASH'S JlHSSAik 
X*»*4>8jft*Bafct!>K:, UKltMP^JRS o 0 <!:, 

tt, L iNbOJ ^304i:(?)M304O + C 
308&&A*., *6>^«J«fi&»«K«5«3t3 0 6i7>* 

lC0«g^3 0 2flL 0 4 00^1 ^S^3 0 2 a 

<OPf0IJ<7>SB5>^COjBlcO«*R3O 2 aCftot^f 
n«ftfe*tfcSB2^««3 0 2 b i7*ffi^;L^mffi3 0 

[0 0 8 3] 0 4 018*3 0 ZSraaf-tfcBff 

3 0 0 *ftA"CV^» 

[0084] ^®*S|3 1 OWv *JB«363 08OJB«f 
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10 0 8 51 mm3o ccouMM^s-^fi. mm 
x^zzm&bv* not, &mm<D*x't±m&3 04t /<? 

&&KLT^5 0 mi V>mfc3 0 2 a k%2<omM3 0 
2b t <7>mffi G -f-^ * £ 3 0 8 ^fjfm<n * 

A n (1) =- (1X2) • a 3 (1) 
(EL, y 3? (A) tt-&ttSl)fc^3£T*fc *) , LiNb 
Oa ttt3 2X10-»m/Vt*«. H^c^l 

a 0 ^r, 813 0 2^^-r<B®m^i^5r.<t ^ 

KJ;!?, Biffin (X) <Dgi$c-cfe»-5^ t-i/y^L 
c OM£^7;y^Elt#:#l/ {2n (A) } *ftm+ 
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^n*. ★ 
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^MSRfeMS&^M A/2) = 

(QPM^#) = 1/ [4 (n (1/2) -n 
(1) ) 3 

(DBR*ffi =pl/4n U) 

[0 0 9 2] -LatfLfc (17) ^l±S HGJfc^-<7}ffS&&£ 4/7 

[00931 ^-e. mmi-mmvzmni-zkmm* 

(i 8) *oJ:5c«fci-^ 

(QPM^ft) = 1/ [4 {n (1/2) +An (1/ 
2) -n (A) -An (1) } ] 

= X/[4 {n (1/2) - (1/2) * n 3 - (1/ 
2) - 733 ■ (V/2G) -n U) + (1/2) ■ n 50 
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Kfc«rAn (1) »E3 0 4OZtt*iai (C»C 

(14) T-^^bn<5 0 
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StffcQ PMM^rtto S HG3fc^8r3^f 5 r £ 
5:i£lc*<5 0 Wr, Cl*>3M60to»S« % S-QPM 
S H G3B*«r3S3W $ - ^ £ r t IZ&Z. 
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*>a»-fi\ ix^^^: (i 5) -e^-^bn^r^^ib 

[00 8 9] 



(13) 



• 7 33 (1) • (2G) • - (14) 

*T) ri. (1 7) *<Djfc9te*Hi:aa 
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^itWDBR^ft J£4T^ (19) ^<7>J: 

[OO 94] 

(DBR^) «pl/4 [n (X) +An (1) ] 
= p 1/4 [n U) - (1/2) • n3 (1) - y3s 

• (V/2G) ] • * - - (19) 

• l = (A* /2) - (QPMM) 
62 = (A' /2) - (DBR^fe#) 

sue **<Dm$miK*?m*8m\z&^ <s-qpm^ 
«=^&«3*«=^«au ai ^o, 52 *ot*z-pttm 

2 =ot-tzzh#x£Z t> 
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[0 0 9 5] 8fffe^iDL^<?)QPM^#i5 
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R*f*i:OBa««r^-*-BI-C*>*o #M*I±. S*«<Dftg 

(nm) Sr«U ««iHt» Sfe»tt«3SOJBfflfr*U-C 
V**. ^tr-u^*^ (QPM^) SrlSt^ JO 

3 0 0K(DilSTO^QPM*tt^U «HV [ 
«\ 3 5 OKG>ia«T<0QFM*#&^LTV>5. — 

(DBRM) ^MV I I*5£tjq&&VI 
I ITT>tt^5. &mv I It*, 3 0 0K©«3AT<O 
DBR*#«r**U JfttSU Vfct, 3 5 0K^)DBR^tt 
*r*UCt*a. 12] 1 S 5fc, «»VI4oJ:W 

I I I S)SEj{lc0JH#i*H 3 0 0 KO#^fcftKt4 0 n 
m«<fco-Cl*3, Sot, SHGM0W±0»|i 

^Ps^it (omm h mm<v s h g o»» <t <&iw fciea ^ 

[0 0 9 8] -Mlz. la&MWto&tK WMBfPJcifc'* 
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P = 4 3 

ZCO£?\Z. SHG^oW3©sgH4Wm^^*^ 

[0101] M % J=*Ufcia*«i3ktJC«»wai*S», 
5-QPM SHO*?W46f, DBRJWtQP 

[0 10 2] < SHG*^©»9J>*fc* SHG*^tC 
&EfclEi-*c ±^L^^C (4) OZ-oO'*? ^m, 

LiNbOs frflicwrRwrsfc, — 
f4^«ST*>^o ^^>x, m- l^o^-caws-rat* r 

« (4) *"C**t)h5*ttH:0, 2 5 ^ mSSEaC^I- 

#:1rZ>„ Z<DV$ S J:*LfcA (1) -?#2&fcAn*/B^ 
[0103]fCT, ;©»^SHGsl»tt s SHG 

G**l OO^Sg-Ctt, 0JJ^flLiNbO3 (S>&4£1 
0 4Sr^j5S;i-^o *rLT, cco*afi«»i o 4Jcr±. JS 

»WJ=iSifcfH«S:W^'5r^^ l fcoT, QPM SH 
Ott»noi:DBR»»l 2 0t«ri*t6. 

GBWl lO^MCDBR^l 2 0trtK»t h t 
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Abbr /2=pl/4 [n U) +0 
C^-C, n (1. 3 2 7) -C*>«*^. 1. 3 2 7X4 
(2. 1 44 + 0. 0 5 3 1) =0. 1 5U/j?5 0 ^ 

ff«cu— (ld) ~-<o$tm®m&* P a«tf»r-fc*is 
***** p = 7flue«ca*uir\ le^nt, adqr 

[0 10 63 QPM SHG«$><Oi£HJflAsHe 

R= f [1 - (n2 /m ) ii2 
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* [0104] SHG3^P&-05£ LT> 01^ 

UX, A(*»lcKWi-* 0 DBR«#«>J?|J|IAdbr ttSfc 
5* (1 2) X-S-itbfrZ* 
[0 10 5] 



0 5 3 1] • • • (16) 

TO l o 7] M^MXiU £ttR1E&s£«>JB$W 

&a>5HtmRtX*a (13) <&«fc 5 fell,*, 
^ [01081 
(n2 /nt ) «]. 



•4- [l + (nz /m ) U2 
32 7) +0. 05 1 3 = 2. 195 3 



327) +0. 0513 + 0. 00 1 



d. l = n. ( 1 . 

nz = n ( 1 . 
2. 19 6 3 

X-2b2>fat> % 7 5OJES0 (2X=1 50 0) fc+Jxtf, 
R=0. 3 9 22i*!), «jg[4 0%OK»*A«»bn 
3* DBRSltfW^jifett, 1, 06x1500=159 
0/im, i-tfsb^ I . 6mm^t**>^. 
[0 10 9] QPM SHG^Ii5^P> 1 0m 

[0 1 10]±yjtt^M^ll DBR&#&SHG 
MWWJH lOfcTOl^JlTfc^^, El 1 fc^x* 
•tctatC. SHG*^1 0 0(DAm^«l-DBRl»5tl 
2 0fc«x-CTx»rt\ ^DBR«»120-CSHGft 

#1 1 o*J*^«*&±LT*iv\, coi5te«jft-f 

SHG,l5^100(OSHGa$«:ifii<t5r^;5 

0«r^HBlrtSHO**«iSl 0 0 fc T?Wt, SH 
G3E«^ttDBR^RJH^r 4 UT*1"i:. (1 - 
r) ^ftH^S^i^^XV^^)^ ~(£>2-0(Z>D 
B Rflfcg; 1 2 0 WftlKSWfc: S H G3mS3gfcJu 1 o 
TOB R«5££ 3 H G*^«a<D»*lzJt-tT , 

(l-O. 4) ^ = 1. 6 7«fcftS. fot, COS 
HG5?S^l 00^^|^ bid. 6mmfi<^$l:f 

[0111] r^JOBRSJ^^trQPM SHG«» 



(n* /m ) 2*] } * > - • (17) 

J^^fflctt z o* w -e«^r & Kit s 1 tf>-ei±*i \ 

[0 1 12] ±3*Lfc3BiKWe0SHG«^-ett, 

ra— omfacoytym&i 0 4^qpm shg^i i 

OtDBRSJ^l 2 0£fc*rUfc«tefc*oTV^ 0 L 

WJBA8H8 *$«fctJA0BR cDffitt^Jfesrtitt 
[0 113] <SHG»fio|»i>»:}:, @2, 1233*5 

[0 114] ^eDSHG««*aa:»fi-*^aft:?). 
(HR) — ^ ^^Htf Av^BtoKa**, 

[0 115] I32tt, SHG^QPM S 

HGa»tDBRSB»«r«»J^*«lc««"s *WHQ 
PM SHGS5^CO* J F-2 1 0^«tt;DBR^*f 
5^7 tUti^tSo r.^t,5S^^^-^-e^QPM SHG 
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vX^«:MV>X. SHO*«Sr«j6SL 
*L0rc£>5 o C^*gr£\ QPM SHGB»^2 1 
0:fc.ktFDBR£S#<D^2 2 0tt, _Lj£ L/t^ifctfJcO 
SHG«^#^tRJ*(r, ^S^2 0 0*J£tf 2 0 2 

fCSN*fcJft*ifctt2 0 4*3*^2 0 6 tmwttoftm&LU 
Dsn 0*4raBxT#Lfc*«fcj»o-Ct^6 0 #£L< 

2 0<0^gi£l Ommiti^ R*«1R & 9 8 %J£Ui 

[0116] @3(i, SHG3gffcofifeO||2fe^J$r^lS 
-CbZ a ^^Mtl^t, LD 2 3 OcOffifl&ffiffMlEll 
fc** Lfc £ i^«*#fcgco SHG^lOO fcgB^: tt. 
^^2 4 0^1, r^^SH05S^<bLD2 3 

[0 117] H4lr^-Tff/0*lft«^SHGa*lS0«iS 
5HG#^£iStf>*1#ig-Cfc>>, ^3-C^U/t5 

**>#LG>*%fctt*« (BKHtT) Sr^LT, ft7r>f/< 
2 5 0*5J:of2 5 2«r3te^»^S»*U iftWB^r* 
'<2 5 0*S.ttf 2 5 2 BJiM^yy-^^fe^^ 

»2 6oi:«^tt, *2i«wa*»spj:<a«)ta-rr. 

[oils] JbJ£Ufc^Mlca*lue£ 

W-CW, i T a 0 3 ^/tl*KTPSffflV^t>^ 

V\ 
[0 119] 

[0 12 0] M*WT, 
*»B«*=aWv^Tt«:it*n«:SHGg»T^*5^-C. 
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10121) fit, ftW8*LfcSHG**T?t±S- 
Q P M S H G Kl^5 V it W«P^»r DBR 

t urc»»fiBfe*Ja4*Si&!K^*>ofc3ftJ % -£>3&Ro 

S H G n-C iimfefflttA *>*fc S H G*tF* «» 

SHG^OJ5jWB«#«rlEWr*«>a^4^HS*SO 
X, C^aie^Sr^V^, DBRgD^iS^A&Bft 

[0 1 2 21 CW^SHG^ffi^tSHG^R 
SHG*W*»a«S^|:QPM sh 
G^tDBR^tSr«S*CSi6*\ LD(O^(0 
ii^QPM SHGS5^5:flfe^-0{l!llCDBReu^«r»!jE 

2*fticHi*sHGiftft**rt»-e**-t"ni^ 

HG»«SW»K:|iii±S*aifcjiJHj*?s. 
[Ell] C^*W<OSHG*^^>«3SO-IB6Wfi:«lft 
[®2] £ <0&*A<T> S HG^-^lMW^i^^ 

IH41 S HGftO 2o© S H G liJ»«rM^S^ 

[ess] &&<D$nG&+(Dm&<ovLmotift<o$mm 

[El 7] SHG3^4>RH-OKRK0H-&. %*«^>jft 
[SI 8] S H G«R«)Rft©aM«)fc»0 S HGK1(0 

ftttB-Cfca. 

[■9l SHGttKaRfteRRlilt-r** ldo»S 

[0101 SHG»«WK»0>RRte«rf-*, SHG^) 

[eii u sHGKK0>im«>nni=iiH-«, ld^ 
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